Abstract: This paper deals with multivariate control problems and the use of influence function is proposed to distinguish between chance and special causes of variation. The influence function of mean is proposed to monitor the process mean. To investigate process variability, the control charts based on the influence functions of eigenvalues are suggested. Finally, in order to describe process orientation, control charts based on the influence functions of eigenvectors are employed. A real application illustrating the proposed control charts is presented.
Introduction
Frequently, manufactured items need the values of several different quality characteristics for an adequate description of their quality. Each of a number of these quality characteristics must satisfy certain specifications, but the quality of the product depends on the combined effect of these characteristics, rather than on their individual values. When assignable causes are present in a multivariate process they may affect different process parameters: the process mean, and/or the process variability, and/or the process orientation. Indeed, the quality characteristic vector has both a magnitude and a direction. Therefore control charts to monitor process mean-variability-orientation are necessary. A diversity of multivariate control charts for the process mean and dispersion have been proposed recently to distinguish between random and assignable causes of process variability. Most of the proposed control charts are based on T2 or X 2 statistics. This paper deals with multivariate control problems and the use of influence functions is proposed to distinguish between chance and special causes of variation. When the process has reached a state of statistical control, the process mean and the structure of dispersion matrix should be stable over the time. The effect of observations or subgroups on these parameters may be evaluated, among others, by the means of influence functions. Hence, special causes of variation could be identified by an unusual influence of observations or subgroups on the process mean and/or dispersion parameters. To monitor the process mean the influence function of mean is proposed, to investigate process variability control charts based on the influence functions of eigenvalues are suggested, and to describe process orientation control charts based on the influence functions of eigenvectors may be employed.
With complex products we usually find many different types of quality characteristics. Generally, not all of these quality characteristics are equally important. Some of them may be very critical to describe each item quality, and some of them may be moderate ones. Moreover, when the number of quality characteristics is high, the use of multivariate control charts based on T2 or X? statistics may be very inappropriate, because the upper control limit of these control charts raises steeply with the number of variables. Therefore it is convenient to employ control procedures that are based on leading quality characteristics but enables to identify special causes that may affect the overall process. Our approach to build up such control charts consists in monitoring the stable level of variability of the process according to the directions settled by a generalized peA which is based on the leading variables.
In Section 2 we derive the influence function of a multivariate locationscale parameter and those of each eigenvalue and eigenvector of a covariance matrix. Multivariate control charts for process mean, variability and orientation are given in Section 3. In Section 4 control charts to monitor a complex process are developed. In Section 5 an application from the field of automobiles is presented aiming at illustrating the proposed control charts. Some remarks on the use of influence functions in process control are given in Section 6. As such, the influence function measures the rate of change of T as F is shifted infinitesimally in the direction of 0"", for details see Hampel, Ronchetti, Rousseeuw and Stahel (1986) . For the sake of simplicity, we denote the influence function of T by attaching a superscript -, i.e. T.
Let X be a p-dimensional random variable defined on Rp, let (p" E) denote the location-scale parameter defined by E(x-p,)=O
